Recent studies have employed tympanic thermometry to assess lateralization of cognitive and emotional functions in primates. However, no studies using this technique have investigated the possibility of hemispheric specialization in New World monkeys. Therefore, the aim of the present study was to investigate tympanic membrane (TM) temperature asymmetries and their possible correlation with stress responses in marmosets (Callithrix penicillata). Infrared TM thermometry was completed bilaterally in 24 animals (14 males and 10 females) during a stressful situation of capture and restraint. There were no significant differences between gender. A significant negative correlation was observed between TM temperature of the right ear and the number of captures (r = -0.633; P<0.001). Subjects with a more frequent previous history of captures (5 to 9 captures; N = 11) showed lower TM temperature when compared to those with fewer previous captures (1 to 4 captures; N = 13). No differences were observed for the left TM temperature. These results suggest that under intense emotional challenge (capture and restraint) there is a stronger activation of the neural structures situated in the right brain hemisphere. Taken together, the data reveal for the first time evidence of hemispheric specialization in emotional physiological processing in a New World monkey.
Introduction
Most studies of lateral cerebral specialization in nonhuman primates have focused on handedness (1, 2) or use of primarily one part of the body (3). However, investigations of functional asymmetries based on behavioral responses have provided contradictory results. This is partially due to the diversity of procedures used, which many times makes it difficult to repeat the results, and to the fact that some tasks can recruit neural pathways of both hemispheres, confusing the interpretation of the results in terms of hemispheric specialization (4) .
Recent studies, however, have employed tympanic thermometry, a noninvasive technique, to investigate lateralization of cognitive and emotional functions in human and nonhuman primates (5) (6) (7) (8) (9) . It has been shown that human volunteers present a low tympanic membrane (TM) temperature in the left ear during verbal tasks and in the right ear during spatial tasks (7) . Hopkins and Fowler (6) noticed the same aspect in chimpanzees (Pan troglodytes) during execution of different cognitive tasks. An increase in left TM temperature and a decrease in right TM temperature were found for matchingto-sample and visual-spatial discrimination tasks, respectively. No significant lateralized changes were observed during execution of motor control tasks. Recently, Parr and Hopkins (8) assessed the TM temperature of chimpanzees as the subjects watched emotional videos depicting socially positive, socially negative and neutral events and found increases in right TM temperature during the negative emotion condition.
Boyce et al. (5) showed that TM temperature could be also considered to be an indicator of biobehavioral stress responses. Significant asymmetries were observed in TM temperatures in rhesus macaques and humans, in which higher-magnitude left-to-right temperature gradients were associated with high frequency of locomotion in macaques and with lower resilience in humans.
To our knowledge, there are no studies in Neotropical primates testing a possible correlation between tympanic temperature and stress response. Since a difference in TM temperature is considered to be a physiological index of cerebral hemispheric activity, the results of such study could indicate a hemispheric specialization in New World primates. Therefore, the purpose of the present study was to assess TM temperature in marmosets (Callithrix penicillata), New World anthropoids, during a stressful situation of capture and restraint.
Material and Methods

Subjects
Twenty-four marmosets (Callithrix penicillata), 14 males and 10 females, served as subjects. The animals weighed 250 to 450 g and were housed in male/female pairs in large cages (2 m long, 1.3 m wide, and 2 m high). Temperature measurements were performed at the Primate Center, University of Brasília, DF, Brazil, where the animals were kept. Thirteen subjects were born in captivity and 11 subjects were of unknown origin, but all of them had lived in captivity for at least 9 months. They were fed a variety of foods and water was available ad libitum. The experimental procedures and housing conditions were in accordance with the principles and regulations of the Ethics Committee of the University of Brasília for the care and use of animals for scientific purposes.
Procedure
Temperature measurements were made in degrees Celsius with a self-calibrating thermometer (ThermoScan, Braun, Cologne, Germany). All temperature measurements were made in the subjects' home cages between 7:30 and 10:00 am. The caretaker, using a net, captured each subject and restrained it firmly for measurement. Two TM temperatures were obtained for each ear at 30-s intervals. The experimenter recorded the mean temperature reading. Order of subjects and ear testing were randomized. The whole procedure took place with minimum conversation and simple gestures to minimize the animals' excitement.
Data analysis
Differences between left and right TM temperature were analyzed by the paired signed ranks Wilcoxon test. In order to examine whether manipulation history, which means how many times each subject was captured during captivity, could be affecting the TM temperature, the Spearman two-tailed correlation test was applied to determine the correlation between number of previous captures and left and right TM temperatures. As the correlation test suggested the influence of previous experience, the animals were divided into two groups: "low capture history" group (LCH) submitted to 1 to 4 previous captures, and "high capture history" group (HCH) submitted to 5 to 9 previous captures in captivity. The two-tailed MannWhitney U-test was used to compare left vs right values in the LCH and HCH groups separately and to determine differences between left and right TM temperatures between the LCH and HCH groups. The data for each group are reported as means ± SEM. We set α at 0.05 for all analyses.
Results
There were no significant differences between gender (right temperature: N males = 14, 38.76 ± 0.18ºC; N females = 10, 38.3 ± 0.41ºC; P = 0.208; left temperature: N males = 14, 39.07 ± 0.26ºC; N females = 10, 38.2 ± 0.43ºC; P = 0.905). Therefore, data for males and females were pooled into one group. Comparisons of the temperatures measured in all 24 subjects of this study indicated no significant differences between left and right TM temperatures (P = 0.457; Wilcoxon test).
It is known that with successive captures carried out with appropriate procedures, laboratory animals tend to show decreased stressrelated responses (10). Our subjects had previously been captured for routine veterinary procedures in the Primate Center, University of Brasília. Therefore, we decided to determine whether manipulation history could influence the tympanic temperature. Table 1 shows the tympanic temperature of the LCH and HCH groups. When we correlated the left and right TM temperatures with the number of previous captures, a significant negative correlation emerged for the right ear (r = -0.633; P<0.001; Spearman correlation test). No correlation was found for the left ear. Subjects that had a greater number of previous captures presented a lower temperature in the right ear (see Table 1 and Figure 1) . Post hoc comparison of left vs right values in the LCH and HCH groups separately showed no significant difference (P>0.50; MannWhitney U-test). However, comparison of TM temperatures between the LCH and HCH groups indicated that HCH subjects showed a lower right ear TM temperature (P<0.001; Mann-Whitney U-test; Figure 2 ). There were no significant differences in left ear TM temperatures between the two groups (P = 0.173; Mann-Whitney U-test; Figure 2 ). Previous captures cialized for processing emotional information and stress-related responses (e.g., [11] [12] [13] . It is possible that these animals underwent a sensitization process as they were captured, while those with a smaller number of previous captures had a less intensive activity that was not strong enough to create an adequate amount of blood flow to significantly cool the right hemisphere. On the other hand, we cannot rule out the possibility of a habituation process, because it is known that skilled and frequent manipulations can reduce stress during physical restraint of captive animals (10).
Our results agree with those reported by Boyce et al. (5) in a study examining a possible association between left-to-right TM temperature asymmetries and biobehavioral stress responses in rhesus macaques and children. These investigators found cooler right ear TM temperature, suggesting that the right hemisphere was more involved in the stress response.
The extreme excitement of the animals during capture, with activation of structures of the right hemisphere, resembles the activation of the right ventral prefrontal cortex observed by magnetic resonance imaging in human patients during intervals between panic attacks, when anticipatory anxiety prevails (14) . In addition, in normal subjects, anxiety induced by expectation of painful electric stimuli increases blood flow in the right amygdala (14) .
The emotional response of marmosets is characterized by a range of complex behaviors (15, 16) and physiological changes (17) . It is believed that plasticity has been modeled in marmosets along evolution due to the strong predation pressure suffered by this little anthropoid (18) . Phylogenetic trees based on molecular markers have shown that marmosets diverged from the ancestral primate about 40 million years ago (19) . Brain lateralization could refine emotional responses, which are advantageous during defensive behavior. According to the function 
Discussion
The major finding of the present study is that marmosets showed differences between left and right ear TM temperatures in a stressful situation. This difference was the result of the previous experience of the subjects in relation to the paradigm employed in this study. That is, subjects with a longer history of stressful contention showed lower right TM temperature when compared to subjects with a short history of captures and contention. No difference was observed for TM temperature recorded in the left ear. These data suggest a brain hemispheric specialization in marmosets, with the right hemisphere being related to biobehavioral stress responses.
Subjects with 5 to 9 previous captures (HCH group) presented a lower temperature in the right TM, suggesting a possible asymmetric rise in metabolic activity of that cerebral hemisphere. A number of studies have suggested that the right hemisphere is spe-hierarchization theory (20) , in an extremely stressful situation such as capture and restraint, activation of neurofunctional sidelong dominant areas can be advantageous when postponing other emotional and cognitive functions until a more favorable opportunity, avoiding competition of functions.
Taken together, the results of the present study show a lateralized emotional response to capture and restraint which depends on the previous experience of the subject. Furthermore, they indicate that the procedure used in this study is a reliable technique for indirect assessment of brain hemispheric activity in primates. To our knowledge, this is the first report of laterality in the physiological processing of biobehavioral stress responses in a New World monkey (Callithrix penicillata). Additional studies are necessary in order to gain more direct information about lateralized control of emotional processing in marmosets.
Indeed, the evidence presented here is not unequivocal. There is a lack of knowledge concerning the anatomy of tympanic and cerebral blood flow in marmosets that could be related to changes during stressful situations. More direct evidence using electroencephalogram analysis, interbrain electrode stimulation, inhibition of powerful vasodilators such as NO and CO 2 , and anxiolytic drugs could help to better understand these aspects. It should also be pointed out that there were marked individual differences among subjects and that by increasing the number of individuals we may find subpopulations with higher emotional reactivity, indicating (or not) an accentuated picture of emotional lateralization. This last step is being investigated now at the Primate Center, University of Brasília.
